J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 315 329 

A2 



EUROPEAN PATENT APPLICATION 



(£) Application number: 88309439.3 
© Date of filing: 10.10.88 



© int. ci.": A61 B 3/16 



© Priority: 05.11.87 US 117235 


© Applicant: OCULAR BLOOD FLOW 




LABORATORIES, INC. 


© Date of publication of application: 


9 Candlelight Court 


10.05.89 Bulletin 89/19 


Timonium Maryland 21093(US) 


© Designated Contracting States: 


@ Inventor: Langham, Maurice E., Dr. 


BEDEFRGB 


9 Candlelight Court 




Timonium Maryland 21093(US) 




© Representative: Fisher, Adrian John et al 




CARPMAELS & RANSFORD 43 Bloomsbury 




Square 




London WC1A 2RA(GB) 



© Pneumatic pressure probe. 



© A pneumatic pressure probe is disclosed which 
provides rapid and accurate measurement of fluid 
pressure in an organ across a membrane but without 
pressurizing the organ itself. The pneumatic pres- 
sure probe includes a sensor head movably moun- 
ted by means of a hollow shaft to a handle that 
defines a pressure chamber. The sensor head de- 
fines a venting chamber within which is situated a 
thrust nozzle that communicates with the pressure 
chamber through the hollow shaft. Gas discharging 
from the thrust nozzle pressurizes the venting cham- 
ber and applies minimal force to an area of the 
epithelium across which the fluid pressure is deter- 
mined. The pressure in the venting chamber is 
^transmitted to the pressure chamber through the 
^thrust nozzie and is monitored by means of a pres- 
^sure transducer. 

o> 

CO 

in 

CO 



LU 




Xerox Copy Centre 



1 



EP 0 315 329 A2 



2 



PNEUMATIC PRESSURE PROBE 



Technical Field 

This invention relates to devices for use in 
measuring physiological fluid pressure and in par- 5 
ticular to pneumatic pressure probes. 



Background Art 

Prior art pneumatic pressure probes, also 
known as tonometers, usually are applanation or 
force balance pressure sensing devices. Applana- 
tion type pressure sensors operate by measuring 
the force required to flatten a predetermined area 75 
on the surface encasing the fluid. 

A representative prior art tonometer is shown in 
U.S. Patent No. 3,714,819 to Webb. This device 
uses a pneumatically driven piston provided with a 
sensing tip which is operated by the gas driving 20 
the piston. A force balance is maintained between 
the organ to which the device is applied, e.g., an 
eye, and the sensing tip of the device itself. That 
is, the force with which a membrane on the sensing 
tip is pushed against the eye is equal to the force 25 
with which a gas within the device pushes against 
the piston that drives the sensing tip. 

In the pneumatic sensor described in U.S. Pat- 
ent No. 3,714,819 to Webb the approach used to 
ensure a stable reading was to provide a cylindrical 30 
arrangement for the probe wherein the latter was 
mounted for movement within the former by a 
pneumatic pressure, a leakage path being supplied 
for the operating gas from the cylinder through the 
piston to the tip. The piston was mounted within a 35 
cylinder for movement within a porous gas-per- 
meable bearing, a porous bronze sleeve, which 
provided a film of gas upon which the piston rode 
with negligible friction. The free piston was pre- 
vented from separating from the mount by incor- 40 
poration of a flange within the pressure chamber. 
The gas flow through the porous bronze sleeve 
passes partially to the pressure chamber and par- 
tially by venting along the piston to the outside 
atmosphere. The division of this flow between the 45 
two pathways is approximately equal when open to 
the atmosphere, but becomes unequal when pres- 
sure measurements are made. This inequality re- 
sults from the back pressure developed in the 
pressure chamber. A probe of this general type is so 
also described in Walker and Langham, Experi- 
mental Eye Research (1975) 20:167-172. 

In the measurement of the fluid pressure in the 
eye using the above modified probes with a freely 
movable cylinder, potential errors became evident. 



First, the movement of the piston against the eye jJ 
caused an increase of the pressure within the eye, 
i.e., a change in the pressure that was to be 
measured. This increase of the intraocular pressure ^ 
resulted from the pressure developed within the 
chamber acting on the flange of the movable pis- 
ton. This flange acted as a stop to prevent the 
piston moving out completely from the probe. The 
pressure exerted on the flange was transmitted to 
the footplate of the movable piston making contact 
with the cornea. The force acting on this footplate 
increased with the pressure developed within the 
pressure chamber, which in turn was a function of 
the pressure in the eye and also a function of the 
mechanical gain of the probe (the mechanical gain 
expresses the ratio of the intraocular pressure to 
that of the pressure chamber). In prior probes this 
ratio has been of the order of 0.5. 

Examples of the disturbance of the intraocular 
pressure induced by the movement of the piston 
against the eyes of man and animals are summa- 
rized in FIGURES 1, 2, 3 and 4. FIGURES 1(a) to 
1(d) show the pressure recorded internally in a 
human eye during the application of a pressure 
sensor. FIGURES 1(a) and 1(c) show that the prior 
art gas bearing pneumatic probe increased the 
intraocular pressure by 6 mmHg, i.e., from a set 
IOP of 15 mmHg to 21 mmHg during the period 
the probe was applied to the eye. In contradistinc- 
tion, FIGURES 1(b) and 1(d) show that the present 
probe increased the set IOP of 15 mmHg by less 
than 1 mmHg. 

The disturbance of the IOP by the application 
of the prior art probe to rabbit and cat eyes was 
more severe as indicated in FIGURES 2(a) and 2- 
(b), respectively. For example, FIGURE 2(a) shows 
that in rabbits with an average IOP of 20 mmHg the 
prior art probe caused the pressure to increase to 
more than 30 mmHg. 

A second source of error in measurement of 
the intraocular pressure, using the gas bearing 
pneumatic probe, resulted in a marked curvilinear- 
ity of the calibration curve (FIGURES 3 and 4). This 
was due to the increased loss of gas flow through ! 
the pressure chamber at increased intraocular * 
pressures. The increased intraocular pressure 
caused a throttling effect on the gas flow and as a 
consequence the venting of gas directly to the 
atmosphere increased proportionately. The mag- 
nitude of this loss, and as a consequence the size 
of the non-linearity of the calibration curve is criti- 
cally dependent on the geometry of the vent path- 
way. In practice this is difficult to control and as a 
consequence the curvilinearity of probes may differ 
significantly. 
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This source of error is eliminated in the present 
probe by elimination of the gas bearing piston 
system. FIGURES 3 and 5 show how the elimina- 
tion of this gas leakage results in a linear calibra- 
tion for the human eye using the present probe. 

Accordingly, it is desirable to provide a pneu- 
matic pressure probe which avoids the inherent 
errors of the prior art devices and provides a 
means for rapid and accurate measurement of fluid 
pressure through a body membrane. The present 
invention satisfies these desires. 



Summary of the Invention 

The present invention is a pneumatic pressure 
probe that provides a relatively rapid and accurate 
measurement of fluid pressure within an organ, 
such as an eye or a blood vessel, without distorting 
the organ itself. The probe utilizes a sensor head 
that contacts the organ without applying thereto an 
error introducing force. 

The pneumatic pressure probe of the present 
invention includes a hollow handle defining a pres- 
sure chamber and a forshortenable hollow shaft 
slidably received within the handle. The proximal 
end of the hollow shaft is in communication with 
the pressure chamber but is not influenced by the 
pressure developed within that chamber. A sensor 
head is mounted on the distal end of the hollow 
shaft and defines a contact face as well as a cavity 
that provides a venting chamber which extends to 
and terminates in a sensing aperture in the contact 
face. Optionally, the sensing aperture can be cov- 
ered by a membrane. The hollow shaft extends into 
the cavity and terminates in a thrust nozzle that is 
substantially coplanar with a plane defined by the 
contact face. 

In use, the contact face is placed in contact 
with the membrane surrounding an organ such as 
the eye but without distorting it. The thrust of the 
gas discharging from the thrust nozzle applies a 
limited force to the area of the epithelium of the 
membrane adjacent to the thrust nozzle without 
distorting the shape of the endothelium. As a result, 
no force is applied to the body fluid the pressure of 
which is to be measured. This is illustrated in 
FIGURES 1(b) and 1(c), in which the intraocular 
pressure of human eyes were recorded during the 
application of the probe to eyes with an intraocular 
pressure of 15 mmHg. It will be observed that the 
probe caused the intraocular pressures to increase 
by less than 1 mmHg. 

The shaft allows the sensor head to move 
relative to the handle, however, thereby neutralizing 
the effect of hand movements of the operator. 

The patient can be in a standing, sitting or 
supine position during the fluid pressure measure- 



ment. 

Numerous other advantages and features of 
the present invention will become readily apparent 
from the following detailed description of the inven- 
5 tion, the accompanying examples, the drawings 
and the appended claims. 

Brief Description of the Drawings 

w ~~ ~ 

FIGURES 1(a) to 1(d) are graphical repre- 
sentations of performance data using a prior art 
pneumatic pressure probe and a pressure probe of 
the present invention. FIGURES 1(a) and 1(c) are 

15 graphical representations of performance data of a 
prior art gas bearing pneumatic probe showing a 
significant increase in the IOP when the prior art 
probe contacts the eye. FIGURES 1(b) and 1(d) are 
graphical representations of performance data of 

20 the present probe showing a minimal increase in 
the IOP when the present probe contacts the eye. 

FIGURES 2(a) and 2(b) are graphical repre- 
sentations of performance data using a prior art 
pneumatic pressure probe to measure IOP in rabbit 

25 and cat eyes, respectively. The open points repre- 
sent the intraocular pressure as determined by the 
prior art pressure probe. The filled in points repre- 
sent the values of the intraocular pressure in the 
absence of a pressure disturbance. The pressure 

30 difference between the closed and the open points 
indicates the pressure increase induced in the eye 
by the prior art probe making contact with the eye. 
Data taken from Hammond and Bhattacherjee, Ex- 
perimental Eye Research (1984) 39:791-805. 

35 FIGURE 3 is a graphical representation of 

performance data using a prior art pneumatic pres- 
sure probe and a pressure probe of the present 
invention showing a comparison of calibration data 
on the same human eye using a prior art gas 

40 bearing probe and the present probe, 

FIGURE 4 is a graphical representation of 
performance data using a prior art pneumatic pres- 
sure probe indicating the relationship between set 
intraocular pressure and the recorded intraocular 

45 pressure utilizing a prior art gas bearing probe 
used on ten enucleated human eyes. Results taken 
from Langham and Tomey, Experimental Eye Re- 
search (1978) 27:17-25. 

FIGURE 5 is a graphical representation of 

50 the relationship between the set intraocular pres- 
sure and the recorded pressure using the present 
probe on ten enucleated human eyes. 

FIGURES 6(a) and 6(b) are graphical repre- 
sentations of recordings of the intraocular pressure 

55 in a seated, conscious human subject utilizing a 
probe embodying the present invention. Shown are 
the intraocular pressure pulse in an undisturbed 
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eye [FIGURE 6(a)] and in the same eye at an 
intraocular pressure equal to one half of the 
brachial arterial pressure [FIGURE 6(b)]. 

FIGURE 7 is a perspective view of a pneu- 
matic pressure probe embodying the present in- 
vention; 

FIGURE 8 is a fragmentary sectional view 
taken along plane 8-8 of FIGURE 7 showing the 
internal detail of the sensor head and part of the 
handle of the pneumatic pressure probe embody- 
ing the present invention; 

FIGURE 9 is an enlarged perspective view of 
the sensor head embodying the present invention; 

FIGURE 10 is a sectional view of a sensor 
head of an alternative design embodying the 
present invention; 

FIGURE 11 is a fragmentary sectional view 
of a handle of an alternative design embodying the 
present invention; 

FIGURE 12 is a fragmentary sectional view 
showing a telescoping hollow shaft mounted in the 
handle of a pneumatic pressure probe embodying 
the present invention; 

FIGURE 13 is a fragmentary sectional view 
showing a reversibly axially collapsible hollow shaft 
mounted in the handle of a pneumatic pressure 
probe embodying the present invention; 

FIGURE 14 is an enlarged fragmentary view, 
in section, of the sensor head of FIGURE 8 shown 
as applied to the cornea of an eye; 

FIGURE 15 is an enlarged fragmentary view, 
in section, of the sensor head of FIGURE 10 shown 
as applied to the cornea of an eye; 



Disclosure of the Invention 

While this invention is susceptible to embodi- 
ment in many different forms, there are shown in 
the drawings and will be described in detail, pre- 
ferred embodiments of the invention. It should be 
understood, however, that the present disclosure is 
to be considered as an exemplification of the prin- 
ciples of this invention and is not intended to limit 
the invention to the embodiments illustrated. 

One embodiment of the present invention, a 
pneumatic pressure probe 12, is shown in FIG- 
URES 7-9. The pneumatic pressure probe 12 in- 
cludes a hollow elongated handle 14, a hollow, 
elongated and foreshortenable shaft 24 having a 
proximal end 26 (FIGURE 8) extending into the 
handle 14 and a sensor head 34 attached to the 
distal end 32 of the shaft 24. 

The handle 14 defines therewithin a pressure 
chamber 16. A pressurizing gas passageway 18 is 
in communication with the pressure chamber 16 
and adapted for operable association with a con- 
ventional pressurized gas source (not shown) for 



pressurizing the pressure chamber 16. A throttle 
means 22 in the pressurizing gas passageway 18 
throttles the flow of gas to create a pressure gra- 
dient between the gas source and the pressure 

5 chamber 16. This pressure gradient insures a con- 
stant flow of gas which is minimally influenced by 
the pressure developed in the pressure chamber 
16 as the instrument is used. Alternatively, the 
throttle means 22 may be located elsewhere be- 

w tween the gas source and the pressure chamber or 
it may be eliminated. A gas exit passageway 20 is 
in communication with the pressure chamber 16 
and is adapted for communication with a conven- 
tional pressure transducer (not shown) for measur- 

75 ing the pressure within chamber 16. 

The hollow handle 14 also defines a dampen- 
ing chamber 28. Shaft 24 extends through this 
dampening chamber. Also, shaft 24 is forshortena- 
ble with respect to the handle 14 by being slidably 

20 received within the handle, thus allowing the con- 
tact face 36 to be kept in relatively stable contact 
with the body membrane notwithstanding gross 
movements of the hand of the operator. The 
mechanism by which the shaft 24 is foreshortened 

25 is not critical as long as it does not affect the 
pressure of the fluid to be measured. Proximal end 
26 of the shaft 24 is in communication with the 
pressure chamber 16. There is substantially no gas 
leakage between the pressure chamber 16 and 

30 dampening chamber 28. A movement limiting 
means 30 affixed to the shaft 24 limits the move- 
ment of the sensor head 34 relative to the handle 
14. A preferred movement limiting means 30 is a 
disk having a relatively low coefficient of friction 

35 (e.g., a disk made from a solid halogenated hy- 
drocarbon polymer such as that commercially 
available under the designation "Teflon"). Because 
the disk is located in the dampening chamber 28, 
no force is applied thereto by the flowing gas, and 

40 thus the disk merely limits the movement of the 
sensor head 34 but does not transmit any force to 
the sensor head. 

The sensor head 34 defines a substantially 
planar contact face 36 and a cavity that provides a 

45 venting chamber 44 which extends to and termi- 
nates in a sensing aperture 38 in contact face 36. 
Peripheral vents 42 are provided in sensor head 34 
and are in communication with the venting cham- 
ber 44. The thrust nozzle 40 is a continuation of 

so hollow shaft 24 and extends through the venting 
chamber 44. The thrust nozzle 40 is preferably 
coplanar with the contact surface 36 but may be 
slightly recessed from the plane defined by the 
contact face 36. This recess can be up to about 

55 0.005 inches (0.013 cm). 

While the contact face 36 can be applied di- 
rectly to the walls of the membrane, this may be 
undesirable in some cases. In such instances a 
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protective membrane 70, such as a smooth silastic, 
usually about 5 to 10 microns thick, fits over the 
contact face 36 without tension. The protective 
membrane 70 is held in position by a membrane 
retaining means shown here as a retaining clip 48 
which reversibly cooperates with the peripheral 
groove 46. This clip may form part of the mem- 
brane. The venting chamber 44 is in communica- 
tion with the pressure chamber 16 through the 
hollow shaft 24 and its terminal thrust nozzle 40. 

FIGURE 10 shows an alternative embodiment 
of a sensor head 134 that does not utilize a protec- 
tive membrane. The thrust nozzle 140 is substan- 
tially coplanar with a plane defined by the contact 
face 136. 

An alternative embodiment of a handle 214 is 
shown in FIGURE 11. In this particular embodi- 
ment, the handle 214 only defines a pressure 
chamber 216 but not a dampening chamber. In 
communication with the pressure chamber 216 is 
the proximal end 226 of the foreshortenable shaft 
224, slidably received within bore 225 of handle 
214. 

FIGURES 12 and 13 show alternative embodi- 
ments of the hollow, elongated and forshortenable 
shaft 24 as shown in FIGURES 7-9. In FIGURE 12, 
shaft 324 is comprised of interactive elements 352, 
354 and 356 which cooperate so as to allow shaft 
324 to reversibly telescope. In FIGURE 13, the 
shaft 424 has a reversibly collapsible section 460 
which allows foreshortening. 

The operation of the device of this invention 
will be shown with particular reference to FIGURE 
14 which, by way of example only, schematically 
shows the present sensor head while measuring 
intraocular pressure (IOP) within an eye. The total 
gas flow from the aforedescribed pressure cham- 
ber is directed through the hollow shaft 24 to the 
sensor head 34 where the gas discharges from the 
thrust nozzle 40. The contact face 36 .covered by 
membrane 70, is placed against the epithelium 64 
of the cornea 62 of an eye. The thrust from thrust 
nozzle 40 applies a force to the area of the epithe- 
lium 64 adjacent the thrust nozzle 40. As pressure 
builds within the venting chamber 44, the radius of 
curvature of the region of the epithelium 64 cir- 
cumscribed by the sensing aperture 38 is some- 
what reduced, but the radius of curvature of the 
endothelium 66 remains substantially unchanged. 
The epithelium 64 exerts a reaction force on the 
gas discharging from the thrust nozzle 40. This 
force, in turn, generates a pressure in the pressure 
chamber such as chamber 16 in FIGURE 8. The 
pressure transducer attached to the gas exit pas- 
sageway measures the pressure within the pres- 
sure chamber. The gas exits the sensor head 34 
via vents 42. While the curvature of the area being 
used to determine the pressure in the eye is re- 



duced, since the endothelium 66 is not flattened, 
the configuration and the pressure within the anter- 
ior chamber 72 (the chamber behind the cornea) of 
the eye are not influenced by the applied pressure 
5 probe. 

The pressure measured by the transducer in 
the pressure chamber corresponds substantially to 
the instantaneous pressure within the eye. Accord- 
ingly, pressure fluctuations within the eye can be 

w readily monitored and recorded. In this manner the 
eye of the patient can be utilized as a "built-in" 
transducer suitable for monitoring not only IOP, but 
the patient's circulatory system as well. To make a 
measurement of the IOP, the rate of mass flow 

75 through the thrust nozzle 40 is adjusted to provide 
a thrust or force against the cornea 62 of the eye 
sufficient to reduce the radius of curvature of the 
epithelium 64 of the cornea 62 without flattening 
the endothelium 66. During the course of a mea- 

20 surement, pressure within the venting chamber 44, 
and thus the pressure chamber in communication 
therewith, is maintained at a substantially constant 
level above atmospheric pressure. In this manner 
the instantaneous fluctuation in pressure detected 

25 by the probe can be readily measured and re- 
corded. The present configuration of the thrust 
nozzle 40 and the venting chamber 44 also permits 
an amplification of the detected instantaneous fluc- 
tuations. In particular, it has been found that the 

30 gain is a function of the area of the thrust nozzle 40 
making contact with the cornea. Preferably a gain 
of about 2 to about 3 is utilized for IOP measure- 
ment. As used herein, the "gain" refers to the 
mechanical gain expressed as a ratio of the IOP to 

35 that of the pressure within the measuring device. 

When the sensor head 134 is used as shown in 
FIGURE 15, that is, without a protective membrane, 
the associated gas passageway, the pressure 
chamber, the hollow shaft 124, the vents 142, the 

40 gas exit passageway 120 and the pressure trans- 
ducer operate as previously described. The thrust 
of the gas discharging from the thrust nozzle 40 
somewhat reduces the curvature of the epithelium 
64 adjacent to the thrust nozzle 40 but does not 

45 affect the curvature of the endothelium 66. Only the 
area of the epithelium adjacent to the thrust nozzle 
40 is affected. 

The present pressure probe is particularly use- 
ful for determining the IOP and the oscillation of 

so the IOP, i.e., is the ocular pressure amplitude (PA), 
for diagnostic purposes. 

The condition of the ocular perfusion pressure 
(the pressure of fluid flowing through the eye) is 
also assessable from the IOP and PA. For this 

55 purpose, the patient may be situated in any com- 
fortable position during the pressure measurement. 
In this procedure, the PA of the patient's eyes are 
recorded at normal lOP'S. The IOP is then raised 
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to equal one half the brachial systolic arterial pres- 
sure. Convenient ways to raise the IOP include 
applying suction from a vacuum system to the eye 
or applying digital pressure to the upper and lower 
eyelids. The PA'S are recorded at the raised IOP. 
In eyes with an ocular perfusion pressure that is 
equal to or exceeds the norm, the PA values are 
symmetrical in pairs of eyes under identical con- 
ditions and the PA'S at the raised IOP are approxi- 
mately 50% of the initial value. 

On the other hand, in a patient suffering from 
narrowing of the internal carotid artery, the ophthal- 
mic arterial pressure and ocular perfusion pressure 
is reflected as a decrease in the PA. If only one 
eye is affected, the PA readings will not be sym- 
metrical in pairs of eyes under identical conditions. 
At the increased IOP, the PA of the affected eye is 
greatly less than its initial value and may go to 
zero. A PA of zero indicates that the ophthalmic 
arterial pressure is less than the IOP. This proce- 
dure allows rapid assessment of the ocular perfu- 
sion pressure which is an indication of the con- 
dition of the carotid and ophthalmic arteries. 

The accuracy of the present pneumatic pres- 
sure probe is dependent on maintaining an almost 
constant flow of gas through the sensor head. 
When this is achieved, there is a linear relationship 
between the intraocular pressure and the pressure 
in the pressure chamber as shown in FIGURE 5. 
This linearity has not been found to exist in an air 
bearing pressure probe as can be seen from FIG- 
URE 4. In the latter, a deviation from linearity 
occurs with increasing levels of pressure within the 
eye. 

The foregoing specification is intended as illus- 
trative and is not to be taken as limiting. Still other 
variations within the spirit and scope of this inven- 
tion are possible and will readily present them- 
selves to those skilled in the art. 



Claims 

1. A pneumatic pressure probe which com- 
prises: 

a hollow elongated handle defining therewithin a 
pressure chamber, a pressurizing gas passageway 
in communication with the pressure chamber and 
adapted for operable association with a pressurized 
gas source for pressurizing the pressure chamber, 
and a gas exit passageway in communication with 
the pressure chamber and adapted for communica- 
tion with a pressure transducer means; 
a hollow, elongated and foreshortenable shaft re- 
ceived in said handle, and having a proximal end 
extending into said pressure chamber while the 
distal end thereof extends beyond the handle; and 
a sensor head mounted to the distal end of said 



hollow shaft and defining a substantially planar 
contact face for placement on the epithelium of an 
organ, a cavity that provides a venting chamber 
which extends to and terminates in a sensing ap- 

5 erture in the contact face, and peripheral vent 
means in communication with the cavity; 
said shaft distal end extending into said cavity for a 
fixed distance and terminating in a thrust nozzle 
that is substantially coplanar with but does not 

ro extend beyond a plane defined by said contact 
face; and 

said pressure chamber communicating with said 
cavity through said hollow shaft. 

2. The pneumatic pressure probe of claim 1 
75 wherein said thrust nozzle is recessed from the 

plane defined by the contact face a distance of up 
to about 0.005 inches (0.13cm). 

3. The pneumatic pressure probe of claim 1 or 
claim 2 wherein said sensor head further com- 

20 prises a protective membrane retaining means for 
retaining a removable protective membrane in posi- 
tion over said contact face. 

4. The pneumatic pressure probe of claim 3 
wherein said protective membrane retaining means 

25 is defined by the sensor head as a peripheral 
groove and said protective membrane retaining 
means further comprises a retaining clip which 
removably cooperates with said groove. 

5. The pneumatic pressure probe of any pre- 
30 ceding claim wherein the said hollow shaft is 

slidably received in said handle. 

6. The pneumatic pressure probe of claim 5 
further comprising a movement limiting means for 
limiting the movement of said sensor head relative 

35 to said handle. 

7. The pneumatic pressure probe of any of 
claims 1 to 5 wherein said handle further defines 
therewithin a dampening chamber, said proximal 
end of said hollow shaft extending through said 

40 dampening chamber and into said pressure cham- 
ber. 

8. The pneumatic pressure probe of claim 7 
further comprising a movement limiting means as- 
sociated with said shaft for limiting the movement 

45 of said sensor head relative to said handle. 

9. The pneumatic pressure probe of claim 8 
wherein said movement limiting means is located 
within said dampening chamber. 

10. The pneumatic pressure probe of claim 6 
so or claim 8 wherein said movement limiting means 

is a disc affixed to said hollow shaft. 

11. The pneumatic pressure probe of any pre- 
ceding claim wherein said hollow shaft is a tele- 
scoping hollow shaft. 

55 12. The pneumatic pressure probe of any of 

claims 1 to 10 wherein said hollow shaft is a 
reversibly collapsible hollow shaft. 
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13. The pneumatic pressure probe of any pre- 
ceding claim wherein said pressurizing gas pas- 
sageway includes a throttle means for creating a 
pressure gradient between said gas source and 

said pressure chamber. 5 

14. A sensor head for pneumatic pressure 
probe, said sensor head comprising a hollow cyl- 
inder open at one end and defining a substantially 
planar contact face for placement on the epithelium 

of an organ, a cavity that provides a venting cham- w 
ber which extends to and terminates in a sensing 
aperture in said contact face, a hollow shaft extend- 
ing into said cavity and terminating in a thrust 
nozzle that is substantially coplanar with but does 
not extend beyond a plane defined by said contact is 
face and peripheral vent means in communication 
with said cavity. 
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